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SCHOOL OF LIFE SCIENCES
Prof. P.C. Kesavan
August 19, 1987

Dear Dr. Iya,

I am attaching herewith a copy of the report on the
question of induction of polypolidy cells and chromosomal
aberrations in ~ experimental animals and children-fed
irradiated wheat,

As you might be aware, the Ministry of Health, Govern-
ment of India, had set up a Committee consisting of Prof.
P.V. Sukhatme and myself to go into the entire question
of the reported study, especially the irradiated wheat
by the National Institute of Nutrition, Hyderabad under
Dr. Gopalan and of the Bhabha Atomic Research Centre.
We made a thorough study of all the available data. We
also examined number of slides with microscogpes and we
have come to the conclusion that the {irradiated wehat
(75 Krad) does not tinduce polypolidy cells and other
chromosomal abberrations. The report which 1 am sending
has been authenticated by my initials on every page. I
have no objection this scientific report being circulated
to any one India or elsewhere for scientific purposes.

~
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We had ‘sumbittad this report to the Secretary,
Mi;istry of Health, Government of India, around July 18,
1976.

With kind regards,

Youc; sincerely,

mvm )

P.C. KESAVAN

Dr. V.K. Iya

Director

Isotope Group

Bhabha Atomic Research Centre
Trombay

Bombay-400 085.
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Report on the examinaticn of the results obtained by —

NATIONAL INSTITUTE OF NUTRITION (NIN), Hyderabod and

BHABHA ATOMIC RESEARCH CENTRE (BARC), Bombay of their

Studies on the Effects of Freshly Irradicted wheat on

i) lymphocytes in vitro from malnourished children;

ii) thc cytoloqy of bonc marrow of rats. and mice;

111) meiotic chromosomesiin:@gle micey.

iv) germ cell survival in male mice and rats; and

v) dominant lethal mutations in rats and micc,

INTRODUCTION

In accordance with the terms of references in
letter Nb.F.17-45/PH(E&N)‘of Bhara; S;rkar, Mipistry of |
Health and Family Planning, dated October 9,.1975, we,
Professor P.V.SUKHATME of the Maharaéhﬁ}h'Associé£ion
{9% Cultivation of Sciences, Pocona hnd.nr. P.CeKESAVAN
of‘the'School cf Life Sciences of the Jawaharlal Nehru
" University, New Delhi, have critically examincd the
detailled techniques of the experiments, the appropriateness
of the design of thesc experiments as well as the data
collected and the interpretaticns tﬁereof.

The Report, which we are prescnting below, is
entircly based on (i) the data made available to us by
the Hinistry along with the lectter quoted above and
(11) the data published by the NIN and BARC in various
national and international journals as well “ad ‘their
annual reports, Unpublished data, even when volunteered
by either laboratories, was not considered by us, as our

term of reference have been to try to identify the couse
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of conflict between the data already reported for consi=
deration by the SWAMINATHAN Committee, -
m,é report deals with the folléwing aspects in
the following oxrders |

1. Effects on lymplbcrtes
" nourishéd-children fed
wheat.

"2 Bffects on the cytology -of bane—marmu of
rats and-mice.

3. Effects of freshly :eradiated wheat on meiatic-
‘ chromosomes. in male mice. » .

4, Effects of irradiated wheat on gexm cdl
survival in male mice and rats.

5. Dominant lethal studies in rats-and mice,
Of these various studies only the following
experiments were indepcmdently carried out by both NIN
~ and BARCs :

1, Effect of irradiated wheat in the bone-marrow
" of Wistar ratsy

2, Effect of irradiated wheat on the frequency
.~ of dominant lethal mutatjons in rata,

As suggeéted by the afamihathan Committee, BARC

and NIN carried out a Joint study of thc. dncidcnce of
polyploid cells .in the bone maxrow of contrcl rats,
All t.he other experiments were carried out only by the
NIN, * - | | |

We héve read the comments of thetwo Directors
and also eritically discussed the various points with
them. The gquestions r:ised and the conclusiona arrived

at here are entxrelyﬁu our own analysis of the data,
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l. Effects on lymphocytes in vitro from male
nourished children fed Z"e shly irradiated

Wheat .

aas ]

The details of the study are furnished in
section 1..5t.2 (pages 18-20 which also includes Table 12
and in aection 1ieSe3102 pages 21 and 23) of the Annual
B__mu ét NIN 1974, These data have also been published
(C.Bhaskars: and Ge Sadasivan, "Effecta of feeding ir- _

’ rAdiated wheat to malnourisled children" ~in the AmeriCc.n

Journal of ¢ lgnica Nutrit;on, 28 (1975), 130-135),
- Fifteen children suffering from Kwashiorkor

- were divided into three groups of 5 each and fed diets
» ' T : .
- containing either unirradiated, freshly irradiated or

stored irradiated wheat, All the children. were hospi-

talised for a period of 6 wecks and _1mhocyte cultures

were done initially and at intervals of 2 weeks, Thus, -

as has been pointed ou’; . by the m:eétor, NIN (see.sectionl!’

1 of ‘enclosure III, page 22 of the material provided by

the M.inistry) each child.w,ga. its own control' The NIN

duta on- the imidence of polyploid cella in children

suffering from Kwashiorkor treated with ux}irrafiiated

and irradiated wheat diets are presented 4n Table 12 page

20, annual Report NIN 1974 and Table 3 of the paper

published in Jmerican J, of Clinical Mutr, 28, 130-135 (1975)
‘The data show that children fed unirradlated wheat

do n _gg show any polyploid cells in their lymphocytes

cultured by a modified technique of Arakaki and Sparkes -

r!c:ctmu.«.a.g a o=, s0e9) . tlenrenen, 97' hdldwan £o3
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cells, ;i‘he.ae polyploid cells first appeared 4 weeks

~-after the diets were started; the mean incidence at this
* tdme bcing "Ole8%e. AL 5 weeks, .1.1: had increased to L.8%

In children who h@d received the stozed ixradiated wheat,
the incidence of 'definité polyploid cells was 0% at 4 veek
and only a.s% at 6 weeka tigm:ea considerably lower
than thoge seen in children fed freshly ixradiated wheat.

. The NIN data reveal that in none of the 15 children
atudied, there was a aingle polyploid cau at m time

of adnigsion. In. other wo:;vds. what they had cliimed was

that no polyplod.d cd.). ooéu::re:t 1n tho ;QO conaectmivc

' cells studied for each child. !x’hia aeemed very difficult
- for us to accept aa the occurrence cf. pblyplotd cells
+ _upto 5X in human .Lymphocyte cult.urea is well documented.

In this connection we refer to tabla 1on page 306 of an
article entitled YA study of chrmosma of lymphocytes
from patients treat.ed with hycanthone® by Qgi,‘:cota-l’eam

L*s.a..u'n.f.!; Vol.1, pages 305-307, 1975‘ ~In this paper the
authors have. qtuc!i;gd 13 patients both before and after

.treatment with hycanthond, Hence, in this case also, each

patient s‘e.rved as ’his/her own conmll. The data baaed

- _on 100 metaphase cells befora (Control) and afteg treat-
ment for gach 1ndividua.l show  that t.he rmmex:ical variatio

before treatment (1.&;. cont.rol) ranged from 0/100 to

5/JOO. (2/100 and 4/100 beinc more freaquent). The total
number of polyploids obtained in their study was 32/130C
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Under these circumstances it was necessary to lock
into the original records maintained by the NIN and also
discuss with both the authors (C. Bhaskaraxﬂ ._and GeSadasivan)
about the discrepancy between thei:‘va'luca'..and those reprted
| in-the litersture, - Tt was quring this discussion on 2446.1976
. that D, "Sadasivan deposéd before theo:mnittee that the
cﬁrat}osanea of these children ad *fuzzy' appearance and
therefore counting the chromosomes was almost impossible.

In fact he was surprised as to how his co-;am':ho: (Dx Bhaskaran)

could have come -to i:he‘conclusioﬁ that there were no poly=-

ploid cells in the children before their being fod on
irradiated wheat. o | . \

Careful scrutiniaation of the raw data revealed that,
the, NIN value of 0.0% polyploid e3lls for childret} ;:_1:_1_9;
to their feeding on irradiated wheat came from only about

20 +° 30 cells per chila :i.rce about 75X of the cells from

these malnourished childrepn had chrmosanea which ‘exhibited
"fuzzy® appearance and the.refore were not £it for counting.
‘When asked about it; m, ~8hukaran had no satisfactory

. reply to thia Oarmittee, ' '
SQcondly, the. NIN has repoxted in the above aaid

. paper that in two children who were followed up after
witharawal of the irradjated wheat diet, the nunber of p
polyploids and abmmal c;ella had considerably Qecreaaed ;
at the end of 16 weeks and by the 24th week all the poly-
..Pl;)id and abnormal ¢ells had coinpletely di,.sa.ppea.red.

This obsexvation is verxy surpriaing in viw of the fact

that the thymic lymphocytea which alone :espond to
. ...-8/7

f N\ 7?27
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thytohéémog’lutinin (PHX) has a very Ylong lifuv opan of the
order of years .and therefore it is only expected that
any abnolm_alitieé induced in t:heaa cells would last far
several years, : This Comittee asked the . authors to

- 6 t=

~ comment on their ebservations which m contrary to what

is expected in acc:erdamé»,yj.th the b.tologicu principles.
Ixr. Bhagkaram had nathinq ta say while: 1’:0:5, Sadasivan
onge again deposed that the entire data were. imprecise
and no ﬂnpoxtance:ah&uld be attéched ‘thereto. - The remark:

' of Prof, sadasivan are {mtréygiy -Jmportant Aot only
because ﬁev is.a co~author but; -also beczuse he is the

¥ .
y

senior author. , . L
Furthemmore, the ma;dum £:aquemy of -polyploid
cells observed in children fed irradiated wheat is,

. according to the NIN, 18X and this frequency is well

within the nommgl range of incidence of polyploid o=lls
in normal healthy human beings, This Cammittee therefore
records that the ccnclusiona az:rived, at by thegNIN are

not suat.ained. i V , \\ *‘ A ;L.' '. v

2, Effects on the cytology of bene-marrm of
rats and m;gg,

The minutes of the tirat meeting of the Scientists'
c;xnnittefa _conscitgted under the Chalrmanshi} of Dre. M.S,
sxvaminathan, FRS, for examining the data relating to the
wholesomeness of im:'adiated potato, onj.on and wheat held

on July 20, 1974 (see paaes,41:58 gf, the.material furpishe




(see tible 1, pages 48-52),; (b) comments on the data of
BARC and NIN (pages 53-54) and (c)' the references from the
literature to the effect that megakaryocytes which form
blood platelets become polyploids through endomitosis

(page 54). We have come acroes quite a b

4
uite @ e

4

' on the oocurrence of polyploid cells in the. bone marrow

.of most mammals. Some of these are as follows:

N o i

from German) me mggakaryocyte fozmation by

polyploidism, Arch,Klaus, Stift Vererb,Forsche
21, 283-287,
. (2) E,Grundmann (1967) Studies with autoradiography
' . and Cytophotometry in the rat liver following
partial hepatectomy, In, Control of Cellular
grcwth in adult organisms (edited by H.Tier
and !D.Rytanaa) Academic Press, pages 250~259,

(3) B.G.Firkin (1969) The Fine structure and Chemistry

of haemopoietic tissue, 1In, the Biologic:cl
© Basis of Medicine (edited.by E.E.Bittar and
AsA.Blttar) Academic Press, pp.3-40.

(4) R.Carriere (1969) The growth of liver paren~
chymal nuclei and its endoecrine regulation.
Intern, Review of Cytology. Edited by. G.H,
Bourne and J,F,Danielli, Vol.25, Academic Press,

. N.Y¥. and London,
(5) A.K.Sinha, 8.Kakati and S,Pathak (1973) Extent),
' of Ploidy in mammalian marrow and peripheral

blood cells, Caryologqia 26, 333-346.

(6) H.Frohberg and M,Schulze Schencking (1975)
In vivo cytogetic investigations in bone

marrow cells of rats, chinese hamsters and
mice treated with 6-mcrcaptopurine, Arche

s . _wm - - PRGN
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The paper by \Frchberc‘g and Schencking (see No.6 in
the above list) is recent, and the frequemy of polyploid
'cella which they have reported 4n gont xol m.ice and rata
are 0 +16% and 0,19% respectivelyl. '

" With this background of well establiahed scientific
obsexvations, the data 9£ mtﬂ and BARC as amma.riaed in
page 53 of the above said m.i.nutes (provided by the Ministx

. 1s briefly re-exanined before taking up certain othex
points of. relevance,

The frequemy of polyploid cells 1n the control
i . rats used in the BARC e«perimenta :anged from 0.00 to 0.362

(mean 0,2133 #0.0513) and 0,077 to 0. 431; (mean 0,2488 +
0. 0408) ‘in the treated seriea, '

The frequency of polyploid cells in the control rats
used in the NIN experiments ranged' .from 9.00 t.o 0,10 per
\‘Eent. '.rhe NIN have presented that tl}ef frequency of poly-
plaid cells in control rats in‘%thesé 'saﬁe“zlies of experimests
as 0,00% (see Table 8) pagé Aﬁﬁmual' Report, NIN, 1974,
and Table 5 of the paper by V1J ayalmui and G.Sadasivan,

J:nt, J,Radiag‘ gel. 21 (1975), 1354.42»;

The frequency of polyp_loj.d cells chsexved in the
.control rats by BARC (f.e. 0&2’3 per cent) closely
corresponds to 0.19% observed for ccntrol rats by Frohberg
and Schenking (1975) and the geometric mean 1&/!:11@ freguend
range of 0,03 to 3r.0 per cent normally xeported in

-

iterature.
In an attempt to identifv the cause of dlscrevancy
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between the control values of the NIN and BARC, the Swaminathan
Committee has observed (see page 53 section (b( ) that in
their (BARC) experiments a satisfuctory number of cells
have been scored whercas the NIN data have come from a
relatively smaller number of cells (3000 o-»lls pexr group
as against over 20-30 thousand ¢21is per group of BARC
experiments and morcover, the stan;ard error (SE) has not
peen prcvided. h ‘ |
_ The otﬁer finding of the NIN which has equally

puzzled the Swaminathan Committee is regarding the transe-
_mission of the polvploid cells, The NIIQ' s conteq‘tion
(see section 5, page i8 of the Anneal Report, NIN 1974)
is supported by their data (see Table 9, page 15, Annual
Report, NIN 1974) which are as followss

(1) In the weaned group, rat progeny whose parents
were fed irradiated wheat, the frequency of
, . polyploid cells was 0.33% as against 0.03% in
the control;

(11)Among the progeny of rats fed with irradiated
wheat for 6 weeks, thz frequency was q.47x
against the control value of 04 03%;

(1i4)among the progeny of rats fed ircadiated
wheat for 12 weeks the frequency of polyploid
cells was 0.63% as against. 0.03?4 J

, It is d.ifficult to explain the, NIN's observation
that the young ones born to' parents fed irradiated wheat
had significantly hicher number of polyploid cells in the
bone marrow at the time of weaning as compared to young
ones born to parents fed unirradiated wheat, During the
diae.xesions on 24.6.1976, thc. Director, NI.N, made it

f’]\—’ ‘ ‘sesee’ 010/
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clear that they did pot mean genetic transmission but trans-'\\
mission through mother's milk, This would mean that the
toxic substance supposedly present in the irradiated
wheat enters the pathway of. mi.lk production in the mothers
and then get transmitted to progeny whic.l; take mother's %
mi.lk. What is even more Ainbexe,atiﬁg is that these factors
transmitted from irradiated wheat to mother‘'s milk induce
| polyploidy “dn the bone marrow of the pups,

.thirdly, the observation of the NIN (Table 9,
page 15, Annual Report 1974) that the mmrber of polyploid
cells in progeny fed irradiated wheat - increased from
. 0,33% at weaning to 0.47% at six weeks of feeding and to
’ 0l.63% at 12 weeks of fﬁeding but the frequemy of polynloid
cells remained remarkably constant (at 0.03X) over a
period of 12 weeks shows that ag:!.ng Vbﬁ control animals
upto 12 weeks does not cause any increase in the frequency
of polyploid cells in the. control animals, In subsequent:
publications (see Table 14, page 25 of ﬁnual: Report of
NIN 1975), the NIN has cbserved 0,08 to 0.25 per cent
polyploid cells in the control rats fed for 60 weeks on
unirradiated wheat, The frequency of polyploid eells in
the control was 0.12% whereas it was 0.89% in the treated
rats, Weight control animals of the stock colony had an
inciclencé of 0,08% polyploid cells in their bone marrow,
while age control animcls of the stock coleony had 0.,25%
polyploids, The NIN has concluded that both age and
weight arc among f..:tor  high fluc’ncelt cide
- of polyploid cells in noymal animals, | i.;.;.".?;l../;

: [N
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The duuiygn of the experimont as well as the cop-
clusions drawn are prone to several questions.

The .so—called "meight control animals, we understand

‘xepresent those 'maintained on 9% protein for 60 weeks and

those mi:‘dntained on 20X protein for 60 veeks., The frequency
of. Polyploid cells. in these two certegc.\ries are 0.12% and
0,08% respectivély\, If their body weights are considered
(-TAbJ.e'14, page 285, Annual Report, NIN 1975).. they are

203.5 and 198;,.1 g respoctively. Obviouoly, fooding on 9%

pProtein has led to as much as, if not more, growth than
the feeding on 20% protein. More important than this is
the question whether 0,08% and 0,12% polyploid gells are
really statist‘ic‘a-lly different from each other. The S.E.
values are given 1n the table of Enclosure III (page 23 of
the material supplied by the Ministry) and it is seen
that they are not sign Zicant,

- i

Attention is drawn to the comments of thc Director,
Bio-medical Group (Enclosure II pages 16-21 of the material
provided by the Ministry) that "the recent data frcm NIN

. on 60 weeks of feeding demonstrates that in the control -

animals acéoi:,d.fl.ng to their (MNIN) techniques, the value can
be anywhere between 0,12 and 0.25 per ccnt./" The Directcr,
NIN, has, in his clarification (see Enclosure II, peges ’
22-26 of thc material provided by the Ministry), pointed
out that 0,12X (obtaincd in long-term feeding studies
extending to 60 we'eks)" ls a considerably higher frequency

than what is obaexved in short texrm (16 weeks) studies, '..
:.....0.0‘12/

—
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The Nn’f data presented in Table 9, page 19, Annual
Report, 197’4 and thé -data presented in 'fable 14, page 25,
Annual Reporttvlg'fJS; ‘suggest | “that up to 12 ;;teeks of
feeding unirradiated wheat the frequency of polyploid
cells is 0.03% 7and then there is an increase from the 12th
weck (cr upknown week) up to 60 weeks when tnc frequency
becames 0,12%, i.e. a four-fold increase. The imreaser.
owing to irradiated wheat over the same length of period
is from 0,63% to 0.89%. | o

Attention is also drawn to Appendix II (Indian
Councll of Agricultqral Reseamh) page 39, last para
"Rats fed ... confirms our earlier cbservaticn." Here
the figures on the frequency of: pol;yploid{ceus are again
d'ifferent:: from the ,_figures presented elsewhere, " For
exgmple, compare the:s'e‘ figures with those ‘on,pag'e 23
(znclosuré III of the material provided by the Ministry)
or Table 14 page 25 of the Annuai Rcport 19753 the control
value in the Appendix II (page 39) 1s 0.13% (and not 0,12%)
and the frequency of boiyplo:id~f.¢e13gs, in the treated animals

‘48 0,72% (and not 0,89%), Such mistakes suggest that pot

due care has been taken tinncnllﬁactiagw handling and
prescnting the data, ,

Dr. Vijayalaxmi of NIN has pubushed (Intsd, :
Biol, 27, 283-2d5, 1975) the results of a study in which
iri-adiated wheat wa;s stored for 12 weeks before being

fed to rats and the time-course of appearance of polyploid

cells with increasing duration of feeding freshly irradiated



wheat, freshly irradiated and stored irradiated wheat

was 0,04%, 0,58% and 0.10% respectively, The finding

is that wl;xen irradiated wheat is stored for a period of
12 weeks before being fed, no increase in the incidence of
polyploid cells is seen, The interpretation thercof was
that during irrad:iation of wheat some ‘toxic subs%:am‘:e(s) ¢
is/are formed, the concentration of which fal.fs during
storage,

The Same paper contains data (table é) which st.lw
that only after six weeks of feeding freshly irradiated
wheat, o significant increasc in thc incidence q.f the
polyploid cells is seen, From thc sixth week to the tenth,
this freqﬁency approximately doubles, | '

THE MOST STRIKING ASPECT OF THE VARIOUS NIN REPORTS
ON THIS SUBJECT IS THAT THEIR STUDIES HAVE SHOWN A FREQUENCY

. OF POLYPLOID CELLS IN THE CONTROL RATS WHICH IS SURPRISINGLY
BELOW THE ESTABLISHED LEVEL OF ABOUT 0,20 per cent,

_ Réalizing this point, the Swaminathan Committce had
suggestcd NIN and BARC should jointly conduct studies in
order to settle the frequency. of polyploid cells in the
control animals of BARC and NINs The studi‘é.s were also
80 designed as to unravel any influence of the differences
in the techniques employed by NIN and BARC, /

' NIN-BARC joint studies were also expected to throw
some light on the possible influence of the two l;:cations
viz, themimal house of the NIN and the animal housec of

. BARC on the incidence of polyploid cells in the bane

' '!.‘.'Jo - o‘. 14/
marrow of wistar rats, .

-
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The experi.mental ‘design for the NIN-BARC joint ’\ )
studies was as followss | Eight :aﬁié ‘each from the BARC . \
and NIN colonies were taken for thesc ;cxpexunzénts. of
these 8 rats of BARC ¢ were processed by the BARC technique
at BIRC (animal nos, 11, 12, 15 and 16). The remaining
4 were processed by the NIH'bechniqueL(ahimal noss 3, 4,

7 and 8). Of the 8 NIN rata { were praceased by the NIN
technique (animal nos. 1, 2, 5. and 6). The remaining 4
NIN rats were processed by the BARC technique (‘axﬁmal
nos, 9",. 10, 13 and 14), BEvecry slide was p;lanned to be
scored by both Ir, '.Vijfayalaaai\ivof, NIN and independently

~ by Shri Georgc of BARC.

~ The high lights of the 'J:binf"t:‘%stu&?iea conducted
by the BARC and NIN as summarised by NIN are presented in
enclosure II pégﬂesyiﬁa—& of the material provided to us
by the Ministry., Howevcr, these caxment&sv\ must be read
together with the comments of the Director, Bio-medical
Group, BARC fenclosure II, pages 16-21 of the material
supplied by the Ministry). We.£find these cmments together
with the original material most instructive and present
be_low,‘om:; analysis of thc same, '

Although it was intended that all the four slides
from each of the 16& animals selected for the joint study
would be scored by both Dr, Vijayalasmd and Shri George,
in practice the slides of 4 animals were not scored by
Shri Georgey ..‘:‘urthﬁr 2 slides were broken, Of necessity
therefore the énalysi‘s had to be iimitiad to the remaining

46 pairs of obsexvations, 4 from each of the 10 rats

coGOOsco.r.L
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/.' (nos, 6, 9, 10, 13 and 14 from NIN colony and 7, 8, 11, 12,

16 from BARC and 3 from rat nos. 3 and 15 each). Since
the 4 slidpg for each animal constitute the whole aliquot
extracted from the animal's bone-marrow and are not inde=
Pendent replicate we have analysed the data on a rat per

~ 8lide basis and find (i) None of the sources of variation

. gives a mean square for the frequency of polyploids that
is significantly larger than the error mean square in thc
cc8c of NIN animals; by contrést the mean square due to
animals comes out to be significantly larger than the
means squarc for .error in the case of BAR(; animals. Further
a sub-division of the mean square due to rats Shows that
by far the largest‘contributio.r.x to this mean sqyuare
is made by .diff-erences in the two techniques.” This is ;
true both of NIN as well as ‘of BARC rats though the .mean
square due to techniquejs is not signiﬁicéxitly larger than ' ! :
t:he error mean-square in the casc of NIN rats; (ii) the mean | |
square for error variance based on the interaction of
observers with animals is 10 times as large in the case
of NIN as in the case of BARC ratsy (ii1) Expressed in
tems of the different components which go to make up -
the model implicit in the analysis of variance viz. that v
an obse.rvation 4 ©an be represented by ” ,

dﬂ-,uéx,rx,,. _ | -
where x represents the deviatizm of the true value fmn

the general mean e
( represents the contribution of the observer.'s

bid and { the interaction, E(xi) = 0, E(x) =0 ax?d

a . l’f. .1&/
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E(“i) = 0 and ) | N ._ \
u E(L;);U'x 39\4&( € (¢ ).\'!“ .

£« x"" )y ,
with the variance of an observat:.on given by
V( 74 ’)) f': + '-':’ 2 ":. S‘zv,,

we £ind that by fax' the larqest canponem: of the variance
of an observation is the error variance in the case of
NIN animals contributing somc. 70% of the total variation.
55 against this it is "« for animals which. is found to
make the largest contribution to the variance of an
observation in the case of BARC animals repxesenting over
90% of the total variation, The tmplication of this
f£inding is that the co-relation betwéen the observations
recorded by the two cbservers on the same gl;.& in the
cas¢ of BARC rats is very high but is pooxr in the case
- of NIN animals suggesting that subjective elements arising
from variable bias eifa‘fects:,tm: ;aéo#i;ngmade by an
observer on the NIN materials 7sa:‘x§reviev,ience of this can
be seen in the variable count of ﬁhe inwfﬂ:er of polyploids
made on NIN material, It would appear that an observer's
ability to identify and count the polyploids was affected
by his or her intrinsic tendencies whenever he or she
scored the slides £rom the 'Nm'rat#. mis in its turn
has increased the magnitude of the eérror variance,

~Finally it needs to be repeated that of all the
factors influencing Obsexva"i:ion, the technique influences
the most.. | ' |

In terms of thc model these findings imply ’that:

i we have obse.x:ve_rs of the type represented by. :
' TEIR q17 /
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Dr, Vijayalaxmi and shri Geoxrge from the two laboratorics ;

/ : and techniques typical of thosc¢ developed at NIN and BARC
' Wue can expect the frequency of poiyp]:oidy in thec bone
marrow of control animals to have an error variancce of
the order of 0,015 giving for  the. standard erwor per
rat a value of 0.,12% For a mean value based on six rats,,

-

which is the number used in the.experiments to test the
differances between frequencies of polyploids in irradiated
and unirradiatcd wheat fed rats, tﬁis mecans that we can
' expect a standard error of the order of 0.,05% This is a
little smaller than the value one would expect based on
BARC data for thcir control rats and can therefore be
safely used for judging the limits of %.he rangé of the
frequency of polyploidy in the control animals, NIN also
has pointed out that the incideme of polyploidy can be
Oel2 per cent (vide Ministfy;'s reﬁort, Pe23). Congsidering
that we have 1f anything unde.resti.matéd the sténdard error g
A ~and the colony of rats selected for the joint study was
homogenous, it would appear that the NIN: value of 0,12%
1s not inconsistent with the value recorded by BiRC on
the control of animals or that of 0.19% reported in the

~literature,
: v

As against this picture we £ind that the incidence
of polyploidy in the case of treated serles reported by NiIN

is very high, being 0.6X% significantly larger than the
© corresponding value of 0,0% reported in their experiments

on the control rats, One of us (Dr.P.C.Kesavan) has
recounted the slides previously enumerated by Dr.Vijayalasaad

%6\,
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in 1973 using the mcthod of caupietc enumcration for the
purpose. The results are set out in Table 1. It will be
seen that the incidence of polyploidy among the trcated
series based. on the complete count comes out to only
0e14%, no where near 0.6 reported by NIN. The same table
- also shows the results of the’ coxresponding co\mta previously
made by Ir., Vijayala:cni i.n 1973.' It will be zeea that the
mean value fer the incidence of palyploida based on her
previous counts works out to 1!.0%0 ccmide.rably in éxcess
of their carlier £igure of 0,6% and 7 £p1d as high as the value
based on the complete count of ?.h'e‘ ;me ﬂ&de.?ea;rrted out
by us. The ,cunparisan demonstratesthat t.‘}'se NIN obsexvations
on the frequcnéy c;f polyploids in \ratafiazit:'not qnly subject
to a larger error variance but also suffer fz:an bias,

We h.ﬁve gorie into somc detail ivo mﬁminc the cause
of the high 'ﬁpvard bi«.a in the treat:ed series, ‘We £ind
.that the so ca.lled randcm method used by Ir. Vijayalaxni
. I8 not random in the known sense of the word. She chose
for a starting point a value on the Y-—axis of the slide
at her own swect will without uaing w chance mechanism,
4 random method as the word connotcs must be based on the
rules of change" using either a table of random mumber
or same othcr suitable mechanism to ensure that ever.’
unit area on the slide gets an equal chance of being includzd
in the ﬁ’sample for enumerating 2ll the scoxable cells and
polyploids. 7This ,canfom_,y be achieved by choosing for
the starting point a XY éo-—ordinates at i:;ndorn in the

scnse explained above, Since Drve Vijayalaacni had not , 19/
. 'noco/vz
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marked the location of the starting point using XY oco=-ordinatcs
for the purpose we gave her a tcst to see how she went

about selecting the starting point.of the 100 consecutive
scorsble cclls which she emumerated for determining the
frequency of polyploids, This test clearly showed that

she tended to ‘select for the ¥ co-ordinate a figure in the
middle range of the Y-axis of the slide. We have tabulated
the frequency distribution of the random starts in table 2,

It will be seen that she has over-sampled the central

left portions of a slide with a probability 2 to 3 times

as large as the surrounding areas, We have compared the
count made by her in these tests with the counts previously
recorded by her in 1973 using the same method of scoring

100 consecutive cells and find that the two differ

enonnousi;' from each other (vide Table 3)., The test serves

to give an idea of the large differcnces that can be

 expected to occur in repeated samples using her technique

of enumerating 100 consecutive cells,

Normally if thc method used by Drre Vijayalaxmi had
been objecctive we would not have obtained any such large
difference, Even in the biased sclection/the differences
would noct have been so large as observed if the polyploids
had been distributed evenly all over the slide. We find /
however that not only are the ' polyploids not distributed
evenly but also they cluster together as can be seen from
Table 4 showing the serial number of the scorzble cell

. &t which a polyploid was obscrved in the completc count
_made by us, It would appear that Dr, Vijayalaxmi tendeq, /

. . . .
.lolo'.’. orew
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to suvlect a linc on the Y-axia which showed & large incicb\
of polyploids overestimating the incidepce of treatud
. series in the process, Tab;.e 5 gives the results of the
counts made by her on slides from ./8314(: which have been.
previously completely enumerated. Once again we find that
there are large difference bécwee;ﬁ the two.
‘ We believe that we hwe produccd encugh evidence
_in the andlysis reported above to show that NIN results
. suffer from consider«bleb%ag, when, ftk‘xeyw are corrected
for blas they cannot be considered as inconsistent with
those reported by BARC. - The ,diffe.éemea»/bMeen NIN and
BI/RC do not- therefore lie so much in the adoption of this
de.sign or that or this methodfanalyaing ‘variation or
that or whethar differenccs are significam at. 5% ar 6%
. level of. significance but in our view they lie mainly in
the faulty and bia,se@ selection of the smplea A3 an
example the adopticn. of a random samplc design by NIN
using body weight to allot males to the different blocks
is criticised by BiRC on a priori grounds as totally
unjustifieables The results show that BARC's objection
is valid in as much as the analyzsis shows that the variation
actually removed by blocks is of an order of smaller than
tha;t of the residual variance,. The MMcaticn of BIRC's
.remark that the devisc of randomised blocks 4is used to
artificially inflate the 1level of significance by NIN is
thus not true; if ar;yﬁthix;gvthe 1IN has lost on precision
of the mean by using the randomised block design. Other
points of differences between BARC and NIN made in thec

‘.!Q" 9.9 .2.»’
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comments by the rdrcctors‘of the respective laboratories
equally make little difference to the major conclusions
reported by the 2 laboratories. As we have said above
the main discrepancy arises from the biased and faulty
'selection of the ‘sample. " .

. .One way of getting over the blas in selection is to
enunerate the slidesicompletely as BARC has done. This
is of course an'éxpensive'and time consuming method.
But it is far betéér to exr on the safe_gide than go about
the way the NIN did. On the other hagd,it should hot be
aifficult to devise a sampling technique that gives an
estimate Qf the number of polyploids and of thc scorable
cells on each slide within a given margin of.eror. The
recent d_ecisién by NIN to increasc the size of the sample
£xom 100 to 300 consecutive scorable cells pef slide is a
step in the right direction but even this will not come
pensate for the faulty and biased method of selecting the
starting point to locate a grid around it. &gain it is
important that the sub=—sampling of a sli@e mu§t ée done
in 2 or more sub=samples and not by adoptiég onc single
line of 100 or 200 consecutive cells as NIN has done.
There must be provision for indcpendent area samples withl
independent random starts for each in the manner explained
above to ensure that the method is frec from bias and the |
.'3ame can providc an estimate of the mean count of polyploids
’ and acofahle cells with given precision. -

Workers from BZARC (George ct g;; EFd. Cosmct. Tuxicol.

15,'1976) have conclusively shown that cytclogical analysis
! e

§ '
-
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of bone marrow showed no significant difference in the
'frcquency of polyploid cells in the rats fed non-irradiatec
or irradiated wheat diets, evenk when treated whcat was fed
to the rats within 24 hours of irradiation,

- Lastly we should like t_é poihtfout that thce NIN
adopts a very uncoricntional practice of “lx‘eaving the slides
without coyer glasses on and therefore these slides could
not be easily studied under the oil ime:sion. The difficulty
is that the cells may begin to mGVeundex t.he‘ impact of
01l and they are bound to be lost when the slides are
cleaned afterwards with xylene and tisstil'e) paper, Unaware
of this fact tha% there were no cover gléaéés, we had most
of the cells of 4 slides belonging to 2 animals ecrased out
' ;ma.‘t\ t;:e cannot maéine is how the NIN could have scored
these slides i,

Polyploid cells in the bbné morrow of mice fed
irradiated wheas.. ,

Studies simi.lar to those c»rried out in rats were
undertaken in Swi::s albino mice., Thirty weaning albino
Swiss mice\we;:'e divided into threc groups of five males
and five females cach and given one of the following three
diets: (1) 70% unirzadiated ‘wheat; (2) 70% freshly
irradiated whea* (wheot was used w.tth,in 20 days of
irradiation) and {(2) 70% stored irradiated wheat (wheat
was stoxeé :at( 4% fo:;- three months after irradaiation).
All dicts prcviied S% rrotein. At the end of 12 weeks
on these Adiets, a’l animals were sacrificed and chromoe

somal preparation from bone marrow cells were made, One

..ﬂ..y
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/ -.thousand cclls were examined for each animal (i.e. 200

consecutive cells per slide and five slides per animal)
~to detexmine whethgr numerical sberrations were induced
by irradiated wheat. The relevant data are presented in
Fige.I prqe' 24 of the Znnual Report on NIN 1975 and also
Table 4 page 70 of thec material supplied by the Ministry.
The incidence of palyploid cells in mice fed f:reshly
irradia‘ted wt{éat, unirradiated and stored .irradiated
wheat wexre 0.40%, 0,09% and 0,07% respectively. It has
already been pointed out that the normal frequency of
. oceurrence of polyploid cells in the bone marrow of
mic;e is 0,17 per cent., Furthemmore, our coments regardipg
the NIN method of scoring and analyses of the éatag on
the incidence of polyploid cells in the bone marrow of
rats alsc_:_. apply to their studies on mice., There is little
—r.x'eed' to répaat 'a.ll these arguments, ard this committee
_concludes that ‘the freshly irradiated wheat does not induce
polyploid'c'ells' in the bone marrow of mice either., NIN
studies on the mice and rats taken together fail to
demonstrate that' the irradiated wheat produces numerical

variations in the chromosomes of the bone marrow cells.
. . ,

3. Effects of freshly irradiated wheat on meiotic

" chramoscmes Jin mice ,

The data under discussion are contained in Table I1IX,

Page 68 of the Annexe supplied by the Ministry of Health
2nd Family Planning as well as in Table 15, page 29 and

Figuve 2, page 27 of the NIN Annual Report, 1975. The
conclusions of the NIN (page 26, Annual Report, 197‘5) 2%/
4 0‘0‘-'0'- 0‘!

Y B

¢ Caiade, o



>nie .y,

~ highly sterile but this wﬁs} nﬂf‘.ﬁf:he éas'e.(
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arc as follows: | o ' AN

(1)  There were no diffcrences dn the incidenco of N\
cither polyploidy‘cel‘ls or cells havix;gkx and Y univalents
between the groups of mice fed unirradisted wheat or freshly
irradiated whr.at: or stored i:m-adiatcd wheat;

(11) The 1nc1dencc of aneuploid cells (cells with
less than the nommal nunﬂae.r of 20 bivalents) arc twice
as. high in mice fed f.reshly irradiated wheat as campared
to those fed unirradiated wheat or stored irradiated wheat.
This difference was statistically significant. There was,
however, no differenee bet:ween mice fed the unirradiated
wheat and those fed stored madiated wheat. NIN data
showed that the numerical variations oﬁ aneuploidal and
euyloidal types constitute 11».0 * 0.’)7 plus 4.3 * 0.56%
respectively in the spemdtocytes ef the cantrol mice in
the NIN studies. In their st\ud\igs the frequemies of
these two types ifor mice . féd freéhly' irradiated wheat
were 22,2 .+ 0.98 plus 5.1 + 0.76% 'tespectivelyk.. It occurred
to this Ccmnittee that these male mice ought to have been
/ v s not ¢ i :m fact these

males exhibit capacity fcr very suecessful mating, almost
similar to those of. BARC The Directer. NIN, has polintead
out (page 24, Itan 111, Annmmre IXX of the Appendix
supplied by the Ministry of Health and Family Planning)
that these mice bad been kept cnly on 9% protein level -
i.e. clea.rly below the requirement 1eve1 and it is not
Xnown whether thi.s had contributed to 11.4% aneuploidy.

He has added that the pregnancy ,rat\e in the females mated

1)
*® 9@ LR
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with these males was between €0 and 70% -~ a value much lower
than the figure of more than 90% reported by BARC in
their repmductive studies in normal mice, We have checked
up the BARC data on the pregnancy rates in mice fed stock
diots. The pregnancy rates are in tho ragge of 60 to 70X
o;'lly': In this concext it also occurred to us‘ . T .
to verify as to whether such a major change in the
chramosame conplement could lead to an increase in intra-
uterine deaths, This Comuittee therefore examined the NIN
control data on the percentage of intrauterine deaths in
'mice (Table 5, page 31 and table V of page 7 of the Annexes
provided by the Ministry of Health and Family P{anning).

' These data do _i'_x;g_g show that these males when mated to
"females caused an imreasé in the number of dead implants.
'In fact their frequency of occurrence is very low as
compared tfo other stock animals reported in the literature,

r
N .
0 leaddndm,

our survey of literature does not suggest that
varjatisns in the chromosame numbers in the meiotic cells
occur in the fregquency range reported by"the NIN. The type
of aneuploidy (cells with 19, 18, 17, 16, 15 and less than
15 bivalem:s) reported by the NIN is clearly nullisomice
This t.ype of nullisomic, i.nvolving the loss of palr or
pairs of homologous chromoscmes, could be expected to arise,
from non~disjunction in .the anaphase Iy but if this is
the mode of origin of nullisomics at one of the poles,
there should be corresponding a;iditions of pair or pairs
of bivalents in the opposite pole., However, on enquiry,
"the NIN workers stated that such cells with 21, 22, 23, )

ceeene26/
%\_,



24, 25 and greater than 25 bivalents in about 11% of thé"-\
spematoéy'tes of the control mice and 22,2X of the sper=
matocytes of the mice fed freshly irradiated wheat have not

been observed by them,
Keeping these points in view this Camittee examined

" ~the slides of meiotic j:repafationsum male mice when this

Committee visited NIN, Hyderabad in mvember 1975,
Dr. Vijai’alami-qf - NIN fmouh'cgéd”,oxie of these slides on a
microscope and focussed a cell which she believed to cone
tain 19 biva‘lents,,lwithuthe 'ﬁeletibn of 1 bivalent, One
of us (m..p_.c.xesax}an) identified that this cell had 18
bivalents and 1 quadrivalent. This was pointed out by us
to Dr.Vijayslaxmi and the Director, NIN,

A few other cells which had only 18, 17, 16, 15
and less than 1”5_'biva1ertts were carefful;y. examined by us
-4in and around these cells. Tt became quite okyvious that
2, 3, 4, 5 and more than 5 \bivalents had been extruded fran
thesc cells, Secondly, it 'appeargé that these cells had
fewer bivalents, whereas the extruded bivalents eould be
traced at diff-éer‘ex;tdi.e;tances; aroundthﬁsc cells, It is
very likely that improper air-drying could have caused these
artifacts, Furthermore, ”that‘.-th“ese,celi\s with a complement
-of less than 20 bivalents were only értiffacts is supported
by the absence of the cells with corresﬁondingly more than
20 bivalents. The question of non-disjunctjon of bivalents,
* thercfore, does not- arise, | |
This Committee, having found out what caused the

artifacts in the NIN studies, advised the NIN to withdraw
' ' ‘ ‘ c'c.. . 0.02'
N
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these¢ data in November, 1975, During our second and final

visit to NIN, Hyderabad, on 24.6.1976 this Committee was
distressed to learn that Dr, Vijayalaxmi, instead of withe
drawing the paper as per the advice of this Committee, had

.got the paper accepted for publication in an internatjonal
Jjournal,- then questioned again, she told that all the cells
with less than 20 bivalents could be due to translocations. This
Committee. pointed out that such high frequency of translocations
ha\{'e never been. obéervedby any workers in the f£ield and also it
referred to t';he work of Leonard and Deknudt, (Mutation Research, .

9, 127-133, 1970), who had observed one quad;;.yglent (chain type)
out of 20,7u0 spermatocytes in the gontrol mice. It must also be
pointed aut here that Prof,G,Sadasivan who had beep earlier asso=-
i ciated with the work of NIN was also present during our discussions

on 24 6.76 and he volunteered an information that he too had warned

Dr'.‘lijayala:ani that whatever she observed were cass of extrusion of
bivalents from broken cells and not true aneuploids. With respect
to the NIN observations that the frequency of sugh ancuploid cells
was double ‘in male mice fed freshly irradiated wheat as compared
to those fed unirradiated wheat, this Committee believes that theo

. NIN had been been a victim of preconceived noéions,

This Cammittee, in order to impress upon the y
artifactual néture of their findings, pointed out that occu~
rreice of 11X ancuploids in spexmatocytes in the control and
22.2% ancuploid cells in the treated mice would lead to
.Gegeneration of approximately 44% of spermatozoa in the

~ontrol »nd epproximately 88X of the spermatozoa in the

\
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treated micc. But, very surprisingly, the reproductivm

' performance of these malc. mice 15 as high as those of \

the male mice which do not have such meiotic abnormalitir-

I t;h'e’ NIN findings of anguploiés of the magnitudes repartec

by them are true, their male mice would have been totally

.'ster;le.y “Our arguments are also Ba,sed~ on stochastic

considerations, - |

Under .these circumstances, this Committee onec again
appea.x.d to NIN on 24.6.1976 to ‘withdraw these data as it
would ‘othe;wise,be a discredit to Indian Science. "However,
NIN kept silent abput it. This Comm tﬁee :sﬁron ly recommen«
the rejection of these data as thcy‘ are nothing but artif~

..

4l, Effects of irradiated rwheat on gexm cells
’ aurvival in male mice: and rats

- There are no data frcmf BARC, Ccmsidering the inhere:
intricacies involved in the assessment of the effects of
toxic substancea on germ cell su.wival, it would be
prudent to av»oic;v these studiesuagnd-rely to a greater extent
on the data on fertility index alone. 1t is established
beyond doubt that a reduction in the germ cell counts
results in mark-ad sterility';ih the males, The essence of
the argwnent is that the stucw af germ cell survival
lirrnlves hugs amount of lc..bour, time and resources ut

the va;ue of thg.g-nfomti,ox; ‘gained \:;ss very marginal as
compared to thc studies 0# the ‘afsses;vs'ment of the ferti-

'lity index of the animals.

However, 'r‘che NIN has carried out these studies and

préseni;ed the data in Table 11 (éem cell survival in

Q.'.‘...‘z
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rat testis) on pagc 17 of thedr Jnnuul report 1974 and in
table 16 (Germ ccll number in male mice fed irradicted
wheat) on page 30 of .their Annual Rcport 1975. The con-
clusions of the NIN are as followss

(1) There was a significant reduction in thc
number of germ cells in the malnourished rats (2nnuezl
Report of NIN 1974). This implied that malnutrition ger
Se incapacitates the males to sire offspring. '

(41) The number of type-A and type~B spcrmatogenia
weré significantly lower in mice fed frcshly irradiated
I;rheat as compared to those fed either unirrgqiated or

>
.

stored irradiated wheat, 5
(111) Thexre were no significant differences between

-

mice fed unirradiated wheat and stored irradiated wheat,.

'rhese data again are similar to those obsmed in rat

. (page 26, Annual Report, NIN 1975)7,

An unfortunate omission in the Annual Report 1974
of NIN is the technique used to obtain the gem cell
counts in rats., Furthemore, this omission bccomes
more promincnt when one reads the Annual Report 1975
of NIN, wherein it is stated (page.26) "tl;e bechnique

" followed was similar +o that followed earlier for rats

(Annual Report 1974)", Hence, this Committce had to
Tesort to correspondence and oral discussicns with the
Director and.ataff of the NIN to get to know the technique
employed in these studies. This clarificatjon received
from the Ddrector, NIN was very useful in drawing

certain Qonclusions based on the information availuble

/
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in literature, ‘ ’

We find‘from/thc Scction IV of the enclosures I
(pages 16 to 21) and III (pages 22 to 26) of the matcrial
provided by the ﬁin;stry of Health and ﬁamily Planning "
the Diredtor{ Eio;mediéal G#oup. Saac’and the Dircctor,
NIN had differences of views regarding the obsexvational
basis of 1:1:1 ratio for typena.spermatogonia;Type-B spere
matogonia;Rebting Spenmatocytcs which are now kuown s
preleptotene cellse

In view of ﬁhe*fact’thatvthé expianétion offered by
the Diréétor, NIN, on the qﬁssﬁion of ratios of type—-A
to type-B to Resting Prﬂnary Spe.rmatocytes (RPS) was not
recoricilable with known facts in litc.rature, the Director.
Blo-medical Group, ‘BARC wrote to 2 outstanding authorities
Prof, Oakberg of Qaicridge: National; Labo;f:atory, USA and
Prof, Clermont of McGill University, Canada. The Committee
had an cppoxtupitxuof,examipiag-ﬁheir fgplies. Though
there cou;dtbe some disagreement witﬁ r@ga;d to actual
ratios of type-A to type-B, both the expérﬁs in the field
have advised that the raﬁ:ioa of type-~A to RPS will normally
bc 1:4-6, 1In order to achieve the cormct relationship,
the noxmal technique followed 13 to enumerate the peak
values of type-A, type-B ananPs in stages I1, V and VII
resmectively in proportions of tubules representative
of . testis, | ' | |

It was evident Quring discussion and earlier
correspondence that in order to justify the ratio of 131131,

NIN had adopted a very simplistic model which is fﬁr 3
OQO “\‘)’ L
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removed from the modely developed by experts dn tho field

like ekberg, Clermont, Huckins and Monnessie The Committee
had to examine this aspect in depth in order to satisfy
itself that the quantitative estimate obtained by the
investigators are acceptable before procaeeding to make
any comparisons., The Committee also observed that in their
publications (Internatjonal Journal of Radiztion Biology,
Vol.29 table 2, page 96, 1976 and table 11, page 17,
Annual Report NIN 1974) in the depleted animals (malnourished)
the type~B cells were significantly lower in numbers than
type~A cells., This is very swrprising in view of the fao:
that type-A cells could give rise to type-B gells through
T series of‘ divisions and therefore the nwnbe:.: of type-~B
cells should ét least be equal to type~A even if one has
to account for degeneration, The explanati?n. for this
obéezvation was'sou.ght <n 24.6&,1976 when thé Committee
-visited NIN, Hyderabad, but it was nbt answered. |

'In addition the same publication showed that while
statistical d:[fferences existed for type-h. cells and RPS
. between the control and experimental groubs, no differenczs
were obsexved for type-B cella, With respect to the short
termA study-2 on fats the NIN has concluded (see item 3 of,
iS5, 1.2 of pl.13 of Annual Report NIN 1974) as followss
"'l‘here were no significant differences in the mean litter
size, birth weights or weaning weights bctween the groups
of mimals fed irradiated and unirradiated wheat," In
view of the concepts given above, such a phenomenon cancot

occurt, This only reinforced the belief of this Cammittee

a & - 1
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The Committee concludes that no significance cen be
attached to these data.

Dominant /lyeth,al tests‘\(z)n.m)« in mice and rats have
been car,ri'ed out both by NIN and BARC - The NIN data
show that the freshly irradiated wheat signif:.‘.cantly .
enhances the frequency of 1nstrauter.tne deaths (variously
referred to as dead embryos (DE), dead implantations (DI)
etc.) in rats and mice, | '

~The BA.RC data, rmeve:, did not show such effects,
For detailed analyaes it is neceesaxy ‘to consider the
studies of NIN and BARC separately. .

' (a) NIN studies on rats; Males -reared either on a
diet of 18% pr—otein (to form the well-*‘ed group) or a
diet of 5% protein (to form the ~depleted group) for 8 weeks
are divided into 3 groups of 6 males each and fed one of
the following diets ‘containing (1) 70% unirradiated wheat
(11) 70% freshly irradiated wheat and (iii) 70% freshly
irradiated ﬁheatt plus casein, The first two of these
diets provide 9% protein while the third provided 18%
protein ofz which 9% came from caseir!. The animals of
these 3 sub-groups were fed for 12 wegg on the respece=
tive diets. ‘ ’

The mating schcme coneisted of mating each of
the six males frdn ‘eac*h o\f‘theee ;’tj.et Qmups to 3 virgin
females pe.i: week fcr 4 weeks*. This means that 72 females

rer dit greup *for 4 wea.ks comprised the test population,
' v ’ ¢.¢a0..033/
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switched over to unirradiated and irradiated wheat res- -

pectively', In both the cases, the statistical significance\
(P <« 0,01) 1is cvident only when the data of mating wecks

III and IV are pooled. If data of ea-ch of the four
weeks are poolgg togcther, the increasc in the mutagenic

“index induced by irradiated wheat is significant at p<0.08
for the well-fed group of rats and at p<0.01 for the

- depleted group of ruﬁu. In ordcer to explain the significant
increase in the mutagenic index associatcd with males

mated to virgin rats. in third and fourth weeks but not
in'thc first and second weeks (after withdrawing these males
from irradiated wheat and putting them o{x stock diet), the
NIN made the point that “spermatids were .;rnore s¢nsitive to
the test substance than the spermatogonia themselves®,

(see page 15, para 1 of the letter of Dr.s'.G_.SrikSutia._
Director, NIN, to the Chairman, Atomic Energy Cammission
vide letter No,D,11/1/2887 Qated May 24, 1974. .

This contention of the NIN mikes it sound as

though their experimental design of feeding the male rats
with irradiated wheat 1s either acute or sub—acute. In

fact, this is not so. It is pointcd out that the male rets
were fod irradiated wheat for 12 waeks; this is pm.fstakably
e 'chrcnic' treatment with whatcver toxic substances, if
any, &are present in the irradiated wheat, Since the
sperme-.ogcnic duration 1s of 60~70 days in rats (cee page 90,
Table 1 of thc book entitled, "The tésting of chanicals

for carcinogcnicity, mutagcnicity end teratogenicity®, 1973
published for the Ministry of Health and Welfare, Canada),

eveeciéy



all the stages staiting from the stom cells, spermatogonia

A to ope.matozoa in cpidmymis would have come into éontact
with the toxic principle, if any, in the irradiated wheat
and then by the end of 12 weeks, all the affeced cells (no
matter at what stage they were sensitive and were affected)
would have reached the epididymis rc.ady for eJ aculation.
So, considering the design of these studies, one should

. observe ah 1nc.reased mutaqenic index (if it occurs) in the

very first (:L-.el... the mat.ing week I'after with&as‘val of
the male rats from irradiated wheat on- which they were
fed for 12 weeks) week of mating even, It is difficult

to assume that the spennat«j.ds which alone were more

.sensitive to the mutagenic effects of irradiated wheat

. .Femained as spermatids and did not begin.to mature and

enter the epididymis until the males were withdrawn from .
. ‘ . i i .. ) - ! "j
the irradiated wheat. It is well established that bos

"sensitivity spectrum analysis" cannot be carried out using

- chronic treatment with nmtagens and suspected mutagens,

may be possible to cbtain a peak in the mutagenic

Yo

’Hence, the view already acpressed by Ix.w.Sundc.ram, Director,
Blo=medical Group, BARC, Bombay (see page 21, amnexe to
the Report of Swaminathan vamittee)r that, "f;om the
mytagenicity effect point of view the spte#ns \-re'l”eased ,
on the 13th week (i.¢, mating week I) would carry the sum
of all the effects on the preceding stages from whéch
these spermz are derived” is Mdged valid.

If the- e:rperﬁnentai design involves ‘aicute administration
or sub-2cute adninistration of a mutagenic substance, it

Y o‘.'l 036/
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index in a certain )ater mating (not the first mating)

\\

\.

corresponding to the tima taken for the affected cells
of earlier stcoge to mature and reach the <pildidmis for
ejaculation and fertilization., In other words, if cells '
'of an earlier st~ge are affected by an ‘facute’ tfeatment
;ith a mutagen, then the induced mutations would become
obscrvgble only when they mature and reach the epidigymis.
The'problgm wich chronic feeding is that the duration of

cf troatmeat ciceeds the duration of spermatogenesis and

therefore, epididmis will contain sll the taffected! as

well as unaffected svermatozoa. Since the Yaffected!

:and the upaffected sperm§<han an equal.probability of
fertrilizing an egg, the jncreased mutaéénic_;ndex assoclated
with the'faﬁfected' cells, 1f any, should pe obsexved inthe
first"mating itself, . o

‘ - That this was.n;b aowever, the case‘with the
.obéervations of the %IN indeed puzzlgd us; in fact, these
Sbservations, in a way, weaken their very view point of
mutagenic effects of irradioted wheat on well=fed and
depleted rats. What is even mofe interasting 1is that the
NIN, having become zware of the weakness of their ergument
had withdrawn this point in their recent publication in
Int.J. Radiat, Blol. 29, 93-98 ,(1976). Shis Committee
pointed out on 24.6.75 that their earlier reference to
sensitivity sp.ctrum following chrcaic feeding experiments
had nc found its place in thelr above~said paper in order
to avoid conf.ontation with the refercec and 1£ this was

so, it was g ite unethical on their (NIN) vart.

'.:0000_000-037
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It should be pointed out although the NIN had claimed
significance of their data at p¢ 0.05 to p< 0.0i, this
was not sustained when one of us {PVS)“::eana,lysed*theiz:
data, In fact, one of us (PVS) had writ‘t‘en ta Dr.Srikantia,
the Director, NIN, on August 20, 1974 that the clserved
'F' values are not significant at the /cchventional level
of § per cent, but this probability is of the order of 6
per cent for differences between diets Loth in the cease
of well-fed and depleted grcups,, In the same letter,
it was also pdintéd‘qut that the weakr‘xés‘s, of Dr.Sundaram's
analysis wa;s. that he ‘cémb:m’edvthe main effects me to
weeks (3 d.f) and the interact ions between weeks and diets
(3 d,£f) under one item with 6 dof. ~aga1nst wecks and hence
he dia not find that the maih effects were ~sigx;i3f:'i‘cant.

Asked to c&nﬁent/ upon it, Dr.Sundaram stated that
the experiment does p_gjj_ ~onform to randomized block design
' ‘since welght of animals cannot ba taken as a crgterion and
also no significance can be attached‘to; the observed 6 pei
cent level of significance in view of t;rémencléus biological
variability in the femele animels over wfhich the experis-
menter has no control. ' | o

We also believe that body weight canpot be. included
as a criterion for the randomized block design, since
1t would imply that dominant lethal mutations vary with
body weight, which is not true.

Furthermore, in all the mutagenicity‘testing, using
the Dominant lcthal test there is an agreed protocol that

the effects 1nduced by an agent should at least be 5-fold
: ' s Go .0 ‘33/
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to deserve any serious consideraticn. This is in view
of the fact that the ratio oﬁ miniﬁum value to'the
maximum value even in the control or stock cern be as
high as 5 times - in the published werk in this field.
This is seen even in the data~on the control animals of

the NIN experiments.
Conclusions: Besides the points mentioned esbove, it

is necessary to point out that ir these experiments, the

NIN investigators did not find any differences emong the

“total implantations pr the litter size between the contxro:

and exper}meptal diet fed'groups'(vide Annual Report NIN
1974). Since the total implantaéions~isuthe sum of live
births and dead implantations it is logical to expect that
1f one parameter is affected, it should be reflected in
other related parameters as well. 2s this has not been
demonstrated, in thciz (7)) experiments, the Committee
concludes that the statistical significance of cven 6 per
cent carries no weight. The Comuittee woula also like

to rccord that withholuing of pait of ;hcﬁr obscxvetions
which would go against their accep;anﬁe and therefore its
publications, is to sy the lz2st "not gooua scientific
tradition." |

(b) NIN studies cn D.M in mice:

Twenty seven weanxing mclc albino “wiss mice were
divided into thre. groups of nine cach and were fed
(1) unirradiated wheat. (ii; fresbly iradictcd wheat,

and (i1i) rored irra: .ated wheat dicts rcspectively
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was no dcplcted group ~f ‘Aridmals, At the end of twelve

wecks, each male was mated with threc virgia feanales

pexr week from the stock colony for four consccutive weeks.

The wheat diet was replaced with stock diet during
the 4 weeks ofrmatiné. All femalecs were sacrificed 13 duys
following the mid week of their caging and iarcsumiative
mating., Their uﬁeri\ were screened for live and dcad
embryos., These da‘ta are found in figure 3, page 28,
Annual Report, NIN, 1975 and Tablc 4, page 5i and Table V
page 71 of the annexes to the Report of Uruminathan Committcr:.
It must be poiﬁted out that the mean vqlués given in
figures 3, page 28, Annual ZqRe’port ni;u, ',1975 la.r%d' Table V,
page 71 of the annexes to the Report of Sv}aminath;n

Cammittee differ with those of Table 5, page 31 of the

a:mexé ;:o the Report of Swaminathan Coamitice,.

It was concluded that the mut\égeéic index was nigher
infreshly irradiated whea';t; group as cg:mp;:wed +o unjirradiated
(p 20,025) and si‘:.ore\d«:!.rrédiated whe}:;t groups (P(0.0s) .

In passing, it is mcﬁtioncd éhat an figurc 3 (peage 28,
annual Report NIN, 1975) the term, 5per cent mutaagenic
index' is used; this is incorrect in viéw of\:tlie ‘fact that
*mutagenic index" is calculated as: -

/

Number of dead embryos 106 £ :
Total implants X 100 for eaclj female

As is the case with rats, these experiments on
mice also show that the mutagenic effects of irradiated
wheat are shown to occur in mating week III. This

observation is difficult to explain in view of the fact
’ dr80 0 04 L,'.
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that the irradiated wheat was fed for 12 weeks. thorzas
the éhratlon of spermgtogenesis 18 less than 9 weeks in
. mice, and hence the expgrimenbal design conforms to \\\
- ‘chronic treatment!, Under thesc cilicumstences, the
mutagenic effect ¢f the irr diated vheat, J.f ar/, sivuld
be observable in the meting week I itself,

The other statement of the NIN (page 31, para 1,

Annual chort, NIN, 1975) that "the increased intrauterine
deaths in this group may partly be related to the increased
incidence of melotic chramoscmal abnormalities found in
. these animals" deserves scrutiny. With reference to
the effect of irradiated wheat on iats, NIN had alxeady
reported (see item 3 of 1,5 1},2 .bor*-term study-9 con
rage 13 of the material provided by the minisiiy) that
"therec were no signiflcant differences in the mcan litter
size, birth weights or weaning weights betweca the groups
of animals fed irradiatcd and unirradiated wheat®,

Furthermore, our analyuiu of the rcior1" detzs (nec v o tm XS
of the NIN reveal that artifacu» alone appear to e the
"cause of all the fuss and confus*on.

When one looks at the meiotic deta and tae NUi wace

. of the NIN, it may appear to follow a cervein purtern,

but, in fact, th.s is not S0, The acrtiiiﬁy index.

meiotic data, ge m céll survival datz wnd the Ga=<c on
dominant lethal mutations have all *their cun wedkncoses,

in terms of exper imental duslai, hieloyioal aonoe-o s

as Qell as the st. -isticel aralycis. ITucthormore, these

are all inconsist.ut with cach otheir. Iuc exarrle; the
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data on the mean litter size and dominant,lethéls in
rats and mice are évidently\mutually conﬁradictoiy; gorm
ccll survival data and moiotic data arc ql#q contradictoyry
with the data on the fertility index of the éontrql and
the experimental -groups of animals, .

(¢) Barc data on rats: o

Studies for_ﬁesting’dgﬁin;nt lethal mutations in
rats fed irradiated wheat (75 kR) were cdone 1n three
phases by BARC. 1In phase I, wheat was irradizted. everydey
with 75 k rad and included in the diet of animals for
seven days, In phase Ii, animals were fed on-wngat
irrédiated every week, the fgeding beingicoptinuéd for
six weeks, Phase III was of?thc same:regimo,excegting
that the feeding wasxcontinuég for twelve weeks.

The detailled procedures aé well as the daﬁa pexe
taining to thesc stpdﬁc#-arc presented'ia~spciesu#c Iv
(pages 72-81) of the Report of Swaminathgnxéommittee.

It is noted that ixradigtud/wheét,of unirradiated
wheat constitutr.d aLouﬁ 70 pek nent of the dlet, :After
a specified Quration of feeding, threc virgin fomcle rats
were ﬁlaced with each male and werc removed after one
week, A fresh batcﬁ of virgin/femalcs was uscd ig Every
subsequent weck and the’éqéu&ntial/weekly haﬁings were
continued upto 5 weeks.,\female rats were sacrifjiced on
18th doy after their initial caging with the maie and
examined for dead agd,live‘implants in the utorus and
corpora lutea ih th¢ cbariesm

%*fi\§b Data on pregnancy (part A tcbles for cach vi the

-~
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three phases in the materizl provided by the Ministry)\‘
of control animals are in the range of 62.1 to 94.9 with\\
a mean around 80 per cent and of wxpcrimenzal 4n the
range of 61,5 ﬁo 945§ per cent with a mecan arvound 82,0
per cent,  Thus, there is no wvidence of any adverse effect
of irradiated wheat on the fertiiiﬁy index. on  the
‘basis of the information prbvidea by NIN (column 3 of
155.1y2;’shortfterm ééqu-z, rage 13 of 2nnuz2) Report, 137
we would accept their own'conclﬁsions that therc werc no
significant differences in the mean’ litter size, birth
welghts or weaning weights betwcen the groups of a2nimals
fed irradiated and unirradiated wheat, ' |

With respect of corpora liutea, percegtagg‘dead
implénts etc. also, the control and the e:iperimental
groups exhibited almost the same range of variability
and there was no question of any statisticél significance
of the differences at alls BARC has concluded that
irradiated wheat does not appear to have pny efiects on
the frcquency of pregnancy and percentage of intrauterine
deaths in rats,

our attcntion was also drawn to a'§aper pupiishked

by the BARC (Chauhen et al. Int. J. hadiat, Biol, 28,

1975, 3’15-223) on the dominant lethal mutations in
third generation rats reared on an irra;iated diet.
The irradiated diet (0.2 Mrad and é.o Mrad)‘was given
only after storc c for 34 wecks. at 4-6°C. Jn thesc
' experimentq, the chird generation malc rats of the

multi-generatiop studies on the effects of irradiated

fa)
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food failed to exhibit any aa.gm.fican*t changc in their

|H\

ertilization capacity. The only difference obscrved was
a reduced implantation rate (P < 0.05) ’obsei:v”ud in the
sccond woukly mating of animals given the drradiated (0,2
Mrad) dict, No such cffect was 'obs‘e'rvc;d in any of thu

X other ‘weckly matings 'o'f animels given food-irradiated at
‘2.5 Mrad, It 1s' well establi;s‘he& that a reduction in the
number of total implarits‘ is indicative of the occurrence
of pre~implantation losses (Epstein, S.S. and R8hrbornm,
G. 1$71, Nature, Lond, 230, 459) and such pre-implantation
émbryonal deaths can be induced by numerous nonegenetic
factors.(Bateman, A«J. and Epstein, S.S., 1971, »th' ical

tc.gens, Principles and Method for their detaction,

VOl II, edited by A.Hollaender ( New- yYork: Plcnwn Press,
Po 541) and can, therefore, at best be considered as a
concomitant measure of suk~ordinate impcrhance but not
as an alternqtc parameter to ‘postbhnplantatiqnsloss for
the evaluation of mutagenicity in mammals. ﬁawever, the

. post-implantetion losy\s, v}hich afford-!afdirecﬁ measure of
mutagenicity determined eiﬁhc«i‘ as dead implants per
pregnant female or. as perceqtaée of total Mpl»arit.s, remaincy
comparable among different groups. - Furtherfiore, -the -
cumulative percent frequéﬁéy aistribution of dead embryos
did not, change as a conscquence of thé rats?' 7eating -
irradiated foods. ‘ o

Although not of direct relevance to ‘ii:’radiated wheat,

it is to »e pointed out that, Renner, Gruncéwu]ﬂ and

q,

Ehrenberg - kiec’hebusch (Humangenctik,. 18, 155, 1973) b
L ~—y LR N W J .44/ )
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failed to f£ind cvidence of any inc'.case in duminant lethal-

X
AY

muéationa in five’ successive gencrations of yrats given N
a’diét containing 35 per ccnt miik pouder liredicted at

4.5 Mrad and also in micc fed an irradictcd (4.5 Mrad)

whole diet for 8 wecks, Thus these studics provide

almost conclusive evidence of the lack of induction of

dominant lcthal mutations in the third generxation of

male rats fed irradiated diets.

We understand that one more paper entitled *Evaluation
cf freshly irradiated wheat for domirnant ;cthal mutations
1n’wistar rats" 1s under publication, N
A (d). B2RC studies on Mice:

Cur analysis is based on the paper cntitled “"Dominant
lcthal mutation on male mice fed -irradiated dict* (Fd.

cosmet, toxicol 13, 433-436, 1973) by chiuhan ¢t al.

From the age of 4«5 roeks, three groups of swiss male mice
were fed on a stock ration, or an uni;radiated or irradiatec
(2@5 Mrad) tecst diet for 8 weéks, aft;r which they were
all given the Stock ration and kept fcr mating with
virgin untreated females (9-11 weck old) for 4 consccutive
weeks, The femalcs were autopsied 10-11 days (about mid-
term prcgnancy) after their separation from the males

and thelr uterinc contents were examined for live and

dead implantations, thc latter couprising dead uabryos

and dccidu.mase The main criterie uscd for the assessment
of mutagc: .cilty woere the nurkers of dcad Ziaplantations
expressed per vrcgnant femalcvand as a perccntage of

....fXS( /

all implantations.
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Nu&bers of dead implantations, including deciduomas
and :dead enbryos, showed no significant differcnces
among tho diffurcnt groups, thus producing no widonee of

any induced post~inplantation lethality in micc fed on

Q
Hh

irradiated dict. Similarly, there was no indication
pre=implantation 1cthaiity, since implantation rates
remained comparable among»differgﬁt groupsy = Consumption
| of irreaieted diét_did not affcct the fertility of mice.
-“Total pre~ and pqst-implanﬁation loss, as indicated‘by
the numbers of live implantations remained comparable
unong all the groups of micc. The Kolmbg@rbvk- Snirnov
test (F.O0.Massey, The Kolmogorov = Smirnov teéé for goodness
of fit, J.Am.Stat.Asd. 46, 68 (1951) showed overall
homogeneity in the mouse population in the different
groups in respect of the distribution pattern éf dead
implantations, - o

The above-mentioned studies have only limited
relcvance to the prescnt conflict in the sensc all these
involve whole dict, whereas the NIN studies arc with
lrradiated wheat. However, the compensatory aspect is
that these studies involve a radiation‘d;se“of 245 Mraa
whersas the NIN studics isrvolve a rodiation dosc of 75
Kzds

At first look thc dominant lethcl studies of BIRC
and NIN may appear to have y}.cld‘ed contrary results.
The varjous inadequacies in the experimental designs,
statistical anclysis as well askinterpretationsAwhich

are biologically unfounded have, unfortunately, raiscd 46/'
i - I X EXEEKER)
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questions regarding the validity ‘a'nd credibility of the '\
NIN dota. The experiments of BARC have thc bencfit of
careful designs, appropriate égatistic:dl ',:m‘alysis and
thelr date have becn interpreted on & sound sciuntific
basis. There 1s no doubt that BARC has perheps the
advantégb of expertise, knowlgdgek of the current literature
and above all an impressive animal house. Hence, this ’
Cbrpmittec after an in~depth study reaches the conclusion
t:k;ﬁ:_ BARC deta as well as the NIN data do not demonstrate

any mutagenicity of irradiated wheat,



Table 1. Slidcs previously examinced by VL in 1973 and re-
excmined in 1976 by us

Animel Slice Per cent frequency Per cent frequency
No', NO. cstimated by VL on estimated by us on
' 100 cello/slide complcete cnuncration

R¥17,73 . VL-2 $/100 1,0 10/5592 0.18

vi~4  2/100 2,0 7/3420 0.2

28/73 VL-2 0/100 .0 2/1935 0.1
VI~3 0/lL0 O " 3/4108 0,07

V4 0/100 -0 4/4452 0.09

VI-5 0/100 .0 2/1812 0.11

31/73 Vi1 6/100 O 3/2214 0.14
V1-2 0/i00 0 2/1727 0.12

VL~-3 0/100 0 6/3715 0.16

Vi-4 0/100 0 5/4891 041l

35/73 VL2 0/100 O 1/1646 Ue06
V-3 0/100 O 2/862 0.23

V-4 0/100 O 2/956 0.21

. VL-5 0/100 0 1/832 0.12

© 37/73 Vi—4 0/100 O 6/4146 0.14
Vi-2 0/100 © 3/2925 0,07

39/713 VI-2 o/100 0 2/2746 0,07

' VL.-3 0/100 0 3/4092 0.07
VL4 0/100 O 4/5016 0,08

VI~-5 0/100 0 2/3732 0,45

*65/73 VI-1 0/100 0 9/10327 0,09
VL-2 1/100 1.0 . 8/9686 0.08

V14 14100 1,0 12/7218 0.17

VL5 1/100 1,0 12/4760 0le25

Mean irradioted wheat 1.2 0.14
volue Unirrodioted wheat 0.0 0.10

*2nimcls fed on f£reshly irradiated wheat

UZ@MM e
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Table 2,

Frequency distribution of random starts
on Yeaxis of the slides observed during
test on 24.6,1976, o ‘

‘Class Intexval - ‘Frequency

.-

e
LY

26 - 30
31 - 35
36 - 40
41 ~ 45

45
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Table 3@

Comparison of s

lides used for tests on 24.,6.76

with the corresponding observations made by

VeL. in 1973,

- .

rnimal . Slide Polyploids scored in Polyploids scored on
No, No. 1973 24,6,76
Sample Size (100) Sample Size
(100) (200)
44/73 . 2 0 0 0
15/73 . 2 1 0 0
15/73 - 3 2 0 0

o



' Table 4, The number of the scoxcble cell at which a
: - polypleid wcs observed in the camplete
count on animal 17/73

- 342
565
1167
1467
1511

1615
1626

3372

335
1072
1163
1361
1660 -
1665
2318

4715

5043
Total cells
scored 5592




Table 5. Comparison of frequency estimated by VL
based on 100 cells/slide with the frequency
estil ated by us on camplete cnumeration

Animal Slide Percent frequcncy of Percent frequency

No. No, polyploids on camplete obtained by VL
enumeration - (100 cells/slide)
302 4 8/4412 0,18 0
303 1 9/7455 0.12 0
304 1 15/7345 0.20 0
2 15/6335 0.24 0
a N
F\f
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SUMMARY OF THE TEGINICAL REPORT ON "IHE DATA OF NIN,
HYDERABAD AND BARC, BOMBAY ON T{E BIOLOGICAL EFFECTS
OF FRESHLY IRRADI ATED WEAT" A

In accordance with ihe tems-of reference in
letter No. F.17-45/PH(FN) of Bharat Sarkar, Minisiry
of Health and. Eamily Plaming, dated October 9, 1975,

* we, Prof, P.V, SUKHAMME. of the Maharashtra assacia\.ion
for Cultivation of Sciences, Poona and Dr. P,C. KESAVAN
of thq School of Life hslgeienee’g of the Jawsharlal Nehr
University, New Delbi, have critically examined the
detailed techniqies of the experiments, the appropriato-
ness of the design of -tﬁa\expar:l‘menta‘ as well as/tha data
collaected angd the interpretations thercof. This Commitw e
visited the NIN, Hyderabad and also Baac Bombay twice

in order %o study. the raw daza, look at the animal house
and seek clarifications on various important questions.

The reporf is based on the q@g@a@ available

to us by the Ministry wim the la@tér' quoted above, the
data publishad by tha NIN and BARC in various navional
and internasional journsls and Anmual B;apbi,ft,s‘g’ as woll as
our analyses of same of the slidos »'prep;red by the NIN
and BARC, m’oﬂ,hifmISTghf’;s of our ti\ndi&/s) are presentod
below 3 | - )
1. Efracts on lympno‘cytus in vi\'.m (fmm malnourished

In their amdiaa, the NIN had obsurvad that thare
wore no polyploid colls in malnourished children fod

...QQZ/
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unirradig<od wheat whoreas the frequency of incidencs of
polyploid colls was 1.84 whon these childraen had been fed
irradiatod vhoate Critical survay of the literature by
this Committse re&e'aled that this frequency of 1.84 poly=-
ploid colls 13 woll within tho nomal range of ocaurrcnee
in hoalthy human beings. The oxauination of the ravw.data
of he NIN by this Committag also rcvealed that the
abaomally low frequency of 0.04 of polyploid cells in
malrourished childron boforec thoir axposure to irradiated
whoat came from only 20 to P cells per child since about
75% of tho caolls in thoso malnourishod childron had
chromosomos which oxhibited !fuzzy' appoaranca and thore-
foro, wore not fit for countings Ono of the tw suthors
agrood wvith tho doubt exprossed by this Committes as to
tho suiigbility of these cells for dotailoed mumerical
analysos of the chromosomcs. The NIN wrkors also had
roportod that the number of polyploid and abnommal cdlls
docroasad considorably at tho end of 16 wucks and by the
24th wack thoir froguoncy camo to nomal lovels following
the vithdrawal of theso childron from irradigted wheat
diot. From a blological point of vieow this obsorvation

is conflicting wth the fact that tho thymic lymphocytas
wich alona respond to phytohamoglutinin (PHA) continua to
cxist 4in ciraulation for a time span of thu order of yearse.

Tho Commitvou, therafore, finds 1t difficult to agroo wAth the
conclusions draw: by tho NIN,

/\\/( VAl ) : voeesedY
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2, Bffocts on thc cytology of bonc marrow of

From thoir studies, NIN obsurved an incroaso in
“he pur eant frogquoncy of polyploids in animals fod
froshly irradiated'\hzaat’. In addision the animals fod
wiih unirradiatd vhoat gavo a value of 0 ta 0.03 par
cont polyploids in the bone marrow calls,

Tho Committ>d uxsminod in dotail thu dsta of he
earlisr exporimmns of the NIN, tho tochrdquos adopted for
ostimating the fraguoncy of polyploid cclls and also the
data arising out of joint studios conductod by tha NIN and
BARC, Tho Committeo also cxaminod a mambar of slides which
had boen provicusly scorod by “thae mt inv‘estigators and
also the slides prepared by tho HIN and BABG in their joint
" s*‘udios. It vas also rotod by ihis Commiivea that the NIN
in thoir studles in 1973 had obtained low valucs for
polyploid cells in their momal animals and relativaly
high values in: théir animals fod 11;;?adi~aﬁod whcat, This
Committoe on roscoring some of thoir slides of control and
' Yroatod animals 4id not find ‘that there was any increasad
:lnc%ggngfyor polyploid calls 4in the bono narrow of an:hnals
fod/irradiated vheat, It was falt by this Committce that
ihe contradictory results obtained “bﬁtw&nv this Commi tiae
and the NIN on the Ilidu of the NIN could de due to A.
improcise and inadequate sampling tochniquos. In ordor
to vorify this, the Committoe roguostcd tho NIN worker to

| cvesol/
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raescoro wiuc slides on tho sguo basis adoptcd carlicr

ia vhoir swudics, Thy valuas obtainud frow this ruscoring
by tho sams worker wors novhore near tha figures roported
cgrlisr on tha sgnc slides from the sano animals, Tho
rosules fmn thoso ro-alialysus rovoaled that NIN had,
unfortunaioly, undorostimat:d tho frogquoncy of polyploid
calls in $ho animals fud unirradiated vhcat end over-
sstinatad ;:/ha froquency of polyploid cclls in aninals

f.d irracdiataed whoate

Tho statistical analysos of tho data from tho
Joint study confim that the observations nado by the NIN
tachniquo wore indeed subject to large and variableo bias
so much so that tho arror varianco contributed as much
as 70% of the toval variance of an obsorvation, Tho
bias aroso mainly as a rusult of faulty sclaction of tho
samplo in that tho contral portion of a slide was ovar-
sémplod ralative to tho surrounding aroa, whilo tho
inadoquatc sizo of tho sample mainly coniributod to tho
large orinr varianco. BARC got ovar thcgo difficultios
by enuoraiing tho slides camplotaly, Iy is, of course,
an cxpensivo and tine consuming mothod, tut it is far botter
% orr on uhy safo sido than go about tho way tho NIN digd,
an 1coa of th. sizo of bias in NIN rasulis can b
had fivil a comparison of thoir counss with tho complusu
r.count mado by vhis Comnivtoo. Whoroas NIN ropors.d a
froquency of 0.6 par cont for polyploids in tho vreatod
eeesesS/
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sories, vhe recount by cﬁﬁlete mﬁﬁféxfa:ﬁ"ion gave y figure

of only 0.14’ por cent, Likewise the recount of the same
g§lides by the NIN using their tedmiquo’ gave a value
nearly twioe as high as their earlier r-;iguna of 0.6 per
cent and seven times as high as the value based on complete
enumeration thus testifying to the erormous variation. The
Comnittes chus reaches the conclusion thet vhen the NIN
rosults aro-oorrectaé for bias and orror variance, they
cannot be considered as inconsistent with those reported
by BARC, The difterapceésvbe:twen NIN and BARC do not
therefore 1lle so much in the adoption of this desiga or
that or this method of analysing variations or that or
vhgther the dzif,ferepges are significant of at 5% or 6%
lavel of aigmnc‘ance bu:i:ini, the vievw of this Committee '
thoy mainly lie in the faulty and biasod selection of the
sample, o ) , ,

This Committee is also convincod, by refersnce to N
the literature, that the bone marrow of normal animals

of all species contains cells of which a small fraction

arcs polyploids; 4n rats the froquency is Amund 0e¢2 por

dent. / S

3. Bffcet of freshly 1rradiated vhaay oh meiotzic
mmnme.u.u&s&

On the basis of their studios, NIN wncludad that
animals fad on 1rrad1ated wicat carried a substanilal mmber

of anaploids on thu tos c:.s.
OOOQDOG/
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Th. NIN obsarvation of "ansuploids" in spcrmato=-
eytus (11% in thu control and 22% in tho uxporimontal group)
of malo wico havo unfortunatoly comc fram accopting slides
of a poor gualiuy. ‘This Committ 03, on examination of
a fuw of Thuse slides, observad that thoro wore large
nmumbors of broken colls with bivélonts shattorod from the
calls. This Committuc had occasion vo suggoss to NIN that
1f thosc werenot artefacss, the blological consoquencos
would havo been shat thoir malec mice would have been alm~s%
Yoially svorila, sinc. approximataoly 444 of tvho spormatozoa
in ¥ho conirol and appro:ﬁ.mately 884 of Spamatozod in the
troated mico wuld have dogcnoratcde The Commitice balicvos
that NIN has 'acceptcd thosc obsarvations as artcefacts mors
80 in vicw of the fact that one ;:f their colluaguos associa=-
ted wdvh this project had suééasz:od tho'samo roasons for ta

phunomona obsorvoed.

4, Effact of irradiatod whoat on gom ¢cll survival
in malec micec and rats : :

I 1s gvidont both from tho publications as wall as
thelr dlscussions with this Commivtoo that tho NIN resogrchers
had assumed a vory simple model in thu formation of spemato-
cytns whilsy the fact 1s that it 1s a complex procoss. Soma
of shc ouvistanding authoritiocs in this ficld havo dofinod
vhe spumavogenic cyclc in difforont nammalian spacias in

qQuantivavive voms and thuso modols arc widely acceptod.

00000-37/
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Thoroforo, the simplistic xnodalf&gﬁﬁméd by NIN 48 hot
raconciliable, | ‘fi‘ﬁcl»‘u’kgh’ there ould be some disagreement

with the ratio of Type A %o Type B (which 13 mainly due

Vo the number of tubules s;ampl\ed, and the values presented
by different workers), vhe ratic >f Type A to WS (1 : 1)

| as ob\servied\ by NIN:’I;as: not been reported. This ratio
(1., Typo A to FPS) 1s nomally 1146,

In additlon there are some more biological
1iiconsistencies. which m'e}mn datg revealod. I/"ozr axample,
if the NIN data regarding the identificaiion of the wbules
and the types of calls tharcof ars gre;:i?sq and the emmera-
tion of these cells is {th;wlésé, there should pgi have been
tho sor% of data (sce Table 25'?&59 96 ofmz&wm.
29, 1976 gr see Table 11 paga 17 of the NIN Ann. Repord
1974) which shows that ‘avpe B spvéma;b;@gonial are gi;gniﬁ cantly
less 1n.nun-ber than type A «apamamoéovns,a. This is contrary
to tho ostablished bwlogiéal facts’s\ince»t\ype’B,‘ boing
dsrived from type A spamatdgoni'a, éhgul-jd at laast b3 oqual,
if not, more in number. N ‘ V ‘

abovs all, tho reduced gem call survival dous not
raflect on vho litter sizo as por the repérted data of the
NIN 1ts3lf, This Commitvtoo believas tﬁ_a# an ovur simplifipd
approcach o a vury invricaie and cotnplwc process such as the
fomation of priixary spamatoé#t‘es. (P1' cz2lls) from the stem
colls (Ag) has cansed this confusion, In view of such
inconsistancioes, theso data do not fulfil tho biological

'ﬁ{i %

rouirananis for any analysis,

W
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5.  Jominant leshal smdies 4n raf%s and mice:
The NIN data on the dominant laethal muuations

come fram 72 virgin female rats and 108 virgm’tuale nioe
mated 1n baiches of 2 to 3 per week for 4 veeks % 6 male

rais or 9 male mice fed irradiated wheat for _‘12‘ &;ka.
‘ This experimental modal wuld confom to a “Qu;onic Feed:b;
Stugdy", Since the spematogenic cyclo in rat; and mico '
excends to about 70 days, feeding the animals for 12 waoks
oan irradidted wheat would affoct all ths call stagos of
spermatogonic cycle. In other wrds ths spermms vhich
cor;iribuve %o the mating immediately following the feeding
schodule wuld carry the cumulative affocts, 4f any, of Lo
previous 12 weeks of feed':lng (irrespective of ghe' spamato~
geaic cycle which is maximally sensitive to tho action of
the toxic agent). Under these ciramstances, the dalotarious
effects, 1f any, should reflect as dominant lothal mutations
in the mating week I 1tsglf, The NIN invostigators observed
an increase in the IM dquring mating woeks III grnd IV and |
none in mating woesks I and II, This obscrvation is contrary
o what is axpected in tems of bilological principlas.

The NIN was unabla to oxplain tho lack of incruascd

DLM in tho mating wscks I and II and its ocaurronca axclue
sively in mating woeks III and IV, In the carliyr stages .-
tho NIN had this gs a damonsiration of scnsitivity spectmm;
but since this question had been raiscd, 1% had rofrained
frow doing so in thoir publication in Intirnational Journal

0000009/
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of Badiafdon Diology, 1876, 29, No.l, 93-88.

The raw da%a was analysod by Prof. Sulkhatme as
carly as 1974 and on tha basis of those amlyscs, he had
wriiten %o the Director, NI#, that, "while tho obsurved
F values are not significant at tho convantional loval of
5% the probability of its excosding tha observed valuos
is small enough to do:erve sarious wnsidaration. This
piobability 1s of the order of 6 per cont. The cnffaronces
arc soah W :lncreas;a from week %o weok with m;a porcentago
incidence of lethagls :twté& as largé, in the fourth weak as
in the first, both for well-fod ‘amlﬁ;dép‘leted/ groups',
No twd thstanding theseobsémaﬁtms, -the authors had publie
shod their resultis in the /Jbumal mmtﬁoﬁa&’vé\bﬁ#@ claiming
laovals of significanoe af 1 par cmt'a&d bﬁl’ok- |

Tho Committic has como to the oonclua&on on tho .
basis of biological oxpectat:.ons that: the. ditfarames ssan |
from wouk %o woek i3 a demonstration of a very high oxperimen=
tal error and therefore statisﬂ@al sigmﬁmoa at 6 par
cent is of no consequence,

peedt
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Such inexplicable biological observations, coupled
wvish o e 98 of suatistical reevaluation have lead this
Cor "% : to reenrd that the earlier conclusions of NIN,
that I} i5 increased as a consequencs of feeding freshly
irradia. .1 ¥ eat are not foundeds In arriving at ihis
judgemenv th. Coumittee had also evaluatad ths wrk
cai-ried out '~ BARC using 3 differenv feeding schedules
whorein DIM was not damonsvrable in animals feod with freshly
irradlatad vheat, .

This Commictee finds %that the bulk of the NIN data )
are not only mutually contradictory but also are at variance,
with tha well asiablished facts of biology. The Commiiiee
is satisilied “hat when the NIN data are correctad ’fbr blasaes
wiich hava given rise to these conﬁradictions, %he raesults
obtalnsd i animals fud freshly irradiat:d whoat cannos be
corsidersd as incompaiible with those obiuained in animals
fed unirradiated vheat,

The Commitice could not also observe that malmutrition
Rur 30 changos the end point eff:zcts. _ |

In drawing thess conclusions, this Committaes would
1iko %o roaffim i1ts svric adherance % tha toms of
‘referanca (o idontify the cause of discrepancy betwsan
vho dava of NIIT and BARC) and nothing baeyond it.
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